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SCCh I X L I N G  AXIS P ROG mss 
Progress on the project t o  d a t e  is  consi3-ered sat is-  

f a c t o r y .  N o  major p r o b l e m  have Seen encountered,  and no 

nafor changes i n  t h e  direct ion of t h e  i n v e s t i g a t i o n  are 

a n t i c i p a t e d  a t  t h i s  t i m e .  

tiie 2 r o j e c t  h&s Seen d i v i e e d  irito t w o  p h e s e s :  Phase 1 

(first yea r )  - -evaluat ion of  t h e  fiow f i e l d s  abcut  a d e l t a  

Fesearch t o  be accornplisiied on 

.ding ami two double-de i ta  c o n f i g u r a t i o n s  and; Pliase 2 

(second yea r )  - -deve lo~ment  and e v a l u a t i o n  of c o n f i g u r a t i o n  
.1 

manges  designed t o  g i v e  im2roved performance and s t a b i l i t y .  

& ta i l s  of schedul ing  anci p rogress  are g ive9  below. 

Pnase I--Items accomplished dur ing  f i r s t  s i x  rnonths - 
August, 1 3 6 4  - Planning 

September, 1964-0ctober,  1 9 6 4  - Pre l iminary  i n v e s t i g a t i o n  

of i n f l u e n c e  of wing on ground board boundary l a y e r  

Novemder, 1964-Le~ember, 1 9 6 4  - k t a i l  c7.esign cf models 

t o  be t e s t e d  

L x u i n o e r ,  1964-January, 1965 - F a b r i c a t i o n  of m.ode\ls and 

i n s t r u m e n t a t i o n  

Phase I--Items scheCule2 f o r  second six rcontiis -- -- 
Fafir-uaxy, 1965 - Completion of inodels an& iiistruinen- 

t a t i o n  an6 p re l imina ry  c a l i 5 r a t i o n s  

d a r c h ,  i965-Apri1, 1 9 6 5  - .Jina t u n n e l  t e s t i n g  of models 

&day, 1965-July, 1965 - Lata a n a l y s i s ,  e v a l u a t i c n  and 

r e p o r t  p r e p a r a t i o n  



PhEse 11--August, 1965-July, 1966 
----.------__I-- 

Precise schedu l ing  f o r  t h i s  pe r iod  is  n o t  p o s s i b l e  a t  

t h i s  time, b u t  major t a s k s  are l i s t e d  below. 

1. Aizalysis o f  Piiase I r e s u l t s  t o  determine most proinisiny 

c o n f i g u r a t i o n  changes (i.e.,  leading-ed.ge droop, leading-edge 

r a d i u s ,  s la t s ,  f ences ,  etc.) . 
2 .  k s i g n  and f a b r i c a t i c n  of  mod i f i ca t ions  t o  b a s i c  

wings and any a d d i t i o n a l  i n s t rumen ta t ion  r equ i r ed .  

3 .  .Jind t u n n e l  t e s t i n g  of r o 6 i f i e d  c o n f i g u r a t i o n s .  

4 .  E a t a  reduct io i i ,  eva lua t ion ,  anC r e p o r t  p repa ra t ion .  

IOF LECTION PLP;\JE BCU i:DAZ?Z LAYE E: 

Ear ly  i n  t h e  proyraii  it was a n t i c i p a t e d  tlrlat p r e s s u r e  

g r a d i e n t s  due t o  t h e  wing flow f i e l d  n i sh t  C L U S ~  l o w  energy 

boundary 1 a ; V e r  a i r  t o  Clow from t h e  r e f l e c t i o n  p lane  t o  t h e  

wing (or  v i c e  v e r s a ) .  Sua1 f l o w  cou ld  completely L i s r u p t  t h e  

b a s i c  vortax f i e l d  aril would i n v a l i d a t e  half-model t e s t i n g .  

I n  o r d c r  t o  determine whethex t h e  r e f l e c t i o n  p lane  boundary 

l a y e r  would z e r i o u s l y  i n t e r f e r e  wi th  the wing f l w  f i e l e ,  a 

2 r e l i n i n a r y  wind t u n n e l  i n v e s t i g a t i o n  was conducted.. A rude 

dlzlta vicg made from a f l a t  plywood slicet w i t h  r e p r e s e n t a t i v e  

[ G 8 O )  sweep was tested t o  s imula te  t h e  wing v o r t e x - r e f l e c t i o n  

plane aoundary layer i n t e r a c t i o n .  The win-j vas mounted on a 

s imple  f u s e l a s e .  Force measurements w e r e  inade t o  confirm 

t h a t  t n e  wing ?.eveloped l i f t  commensurate T w i t i ?  t h e  g e n e r a t i o n  

of a s txong v o r t e x  f i e l d  ( C L Z  1 . 0  @6 = 2 3 ) .  



Tuf t  and o i l  s t r e a k  paotos show t h a t  no r e f l e c t i o n  p l ane  

boundary l a y e r  s e q a r a t i o n  e x i s t e d  acd t h a t  20 apprec iab le  

t r a n s v e r s e  flow components e x i s t e d .  

I n  a d d i t i o n ,  measurements o f  t h e  r e f l e c t i o n  p lane  

bour,dazy layer were made wi th  v e l o c i t y  probes.  

meascremects show a boun6ar.r l a y e r  c i isplacznent  t h i c k n e s s  of 

3.1 t o  13.2 i nches  i n  t h e  v i c i r , i t y  of t h e  nodel. T h i s  i s  

regarded as s a t i s f z c t o r y  i n  view of  t h e  m a r l y  33-inch model 

semi-span, A d d i t i o r a l  ckecks w i l l  be macie w i t h  t h e  f i n a l  

models to i n s u r e  t h a t  adverse  bmnciary ;eyer i n t e r a c t i o n s  

do n o t  occur ,  

These 

NO DEL GEOi4ET 3Y 

Three wing planforms h a w  been selected f o r  t e s t i n ? ,  

i n  c o n s u l t a t i o n  .qith NASA o f f i c i a l s  : 

w i t h  62O sweep, and two Zoublc-delta >lings de r ived  from t h e  

basic c?elta by t h e  a d d i t i o n  of strakcs w i t n  75c a n 2  80° 

sweep a g l e s ,  r e s p e c t i v e l y  (see figires 1, 2 ,  and 3 ) .  The 

b a s i c  d e l t a  has symmetric c i r c u l a r  arc s e c t i o n s  wi th  2 1/2% 

maximurn  t h i c k n e s s  and no camber o r  twist. 

are m a i e  from alxininuin an6 are equippeu w i t h  s u r f a c e  s t s t ic  

p r e s s u r e  in s t rumen ta t ion .  The faselage i s  a sinnple body of 

r e v o l u t i o n ,  rm5e from l m i 2 a t e d  n: hogany. l i q s  mcunt 1 / 4  

diarnster below t h e  fuse l age  c e n t e r l i n e  w i t h  ze ro  inc idence .  

a s imple  cropped d e l t a  

Ail t h r e e  v i n g s  
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IiJST IU .~lY,f;TA'i'ION 

S ince  t h e  p r i n a r y  g o a l  of t h i s  p r o j e c t  i s  t o  o b t a i n  flow 

f i e l d  d a t a ,  enpnas is  has  been p laced  upon developing a s m a l l  

probe capable  of measuring v e l o c i t y  d i r e c t i o n  and nagni tude  

a t  l a r g e  alrgles 02 p i t c h  and yaw. 

o f  measuring p i t c n ,  yaw, and dynamic p r e s s u r e  is  c u r r e n t l y  

be ing  eva lua ted  and c o n s i d e r a t i o n  is h i n g  g iven  t o  t h e  use  

of e l e c t r i c a l  hot-wire and hot - f i lm ty2e probes.  

A combination probe capahla  

- 

A small movable t u f t  grid w i l l  be used t o  q u a l i t a t i v e l y  

ascertain tile streanwise vor tex  develosnent  o v e r  t h e  l i f t i n g  

s u r f a c e s .  

t h e  wind tunne l  main ba lance  system. 

Force an< rnovemeilt 2 a t a  w i l l  oe ob ta in26  us ing  

Consul tan t  

Former b a n  of i inginecr lng,  Xenneth b z a k ,  was unable 

t o  serve as c o n s u l t a n t  on t h e  p r o j e c t  due t o  other c o m m i t -  

ments s i n c e  his r e s i g n a t i o n  as &an. Cr. Lonald ?. iiigdon, 

Associate Professor of Aerondut ical  Lngineer ing , i s  there- 

fore s e r v i n g  as c o n s u l t a n t .  :;is resume is  a t t ached .  
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Donald T. Higdon 

T i t l e  

Associate P r o f e s s o r ,  Aeronaut ical  Engineer ing I;e?artment 

F o m a l  X u c a t i o n  
--.--1_ 

3.S.A.Z. , 3 n i v e r s i t y  of Kansas 1955 
:J.S.A.X., d n i v e r s i t y  of Kansas (ZU'_c;F Tellow) 1356 
?!I. D, , S t a n f o r d  J n i v e r s i t y  (Ford Foundat ion ' ?e l lowship)  1954 

(Th. D. Thes i s  - "Automatic Control  of Inherently Unstable  
S y s t e m  w i t h  BoundeL Cont ro l  Inputs ," SJ DAER Peport  :do. 176 
prepared  under a g r a n t  from :JZ? ) 

P r o f e s s i o n a l  Zxperience 

1954-1955 ;utmer work, JACA Zdwards , NACA Ames 
1956-1959 Pesearcn Eagineer  , NASA Ames Research Center  

(Author of PZASA 'Senorandun 12-29-58A) . LJork 
i n  a i r p l a n e  and s t r u c t u r a l  dynanics .  

1359-1961 F u l l - t i m e  s t u d e n t  a t  S tan fo rd  on For i :  Foundat ion 
Grant - cour se  work and p re l imina ry  d i s s e r t a t i o n  
i n v e s t i g a t i o n s .  

1961-1963 Fesearch Zngineer a t  -\:ASA h c s  Research Center.  
do rk  i n  automatic  central, engine  a i r  i n l e t  
system dynamics end c o n t r o l .  

1363 Associate Professor, Aeronaut ica l  A g i n e e r i n g  
k p a r t m e n t ,  ' ichita State  U n i v e r s i t y  

c. ~ U R I .  1 9 6 4  3ecch Ai rc ra f t  Cor>orat ion,  worked on missi la  
dynamics and a u t o n a t i c  c o n t r o l .  
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FIGURE I 
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FIGURE 3 . 

. 

. 

I . 

1. 


